SUMMARY During an epidemiologfcal survey on the relationship between diet and cardiovascular risk factors, serum sodium, potassium, calcium, phosphorus, and total protein were measured in 4167 men and 3891 women with a mean age of 49 years. Several consistent and highly significant correlations were found between serum cation and phosphorus levels and blood pressure. The analysis was performed separately in the total group and in the group not receiving treatment for hypertension. A highly significant negative correlation existed between serum sodium and both systolic and diastoHc blood pressure. Serum potassium correlated negatively with blood pressure only in men. Serum phosphorus correlated negatively hi men and women with systolic blood pressure. Serum calcium correlated positively with systolic and diastolic blood pressure hi men, but only with diastolic blood pressure hi women. All these correlations were independent of serum total protein. A significant negative correlation between serum phosphorus and heart rate and a significant positive correlation between the serum calcium/phosphorus ratio and heart rate were demonstrated. (Hypertension 12: 589-593, 1988)
creatinine, total protein, -y-glutamyl transpeptidase, and uric acid. The methods have been described in detail previously and will only be summarized here. 1 A random sample of the population was obtained in all Belgian counties by using the voting lists. A detailed dietary history was obtained from the participants by trained dietitians, and blood pressure was measured in the sitting position. Heart rate was measured at the time of blood pressure measurement. The fifth phase of the Korotkoff sounds was taken as DBP. Previous studies have shown that in Belgium the actual consumption, derived from 24-hour urine collections, of sodium is 162 mmol/day in men and 121 mmol/day in women and of potassium is 71 mmol/day in men and 57 mmol/day in women. 2 Serum sodium and potassium were measured by flame spectrometry, serum calcium by atomic absorption, and serum phosphorus as phosphate by a modified method using ammonium molybdate. 3 Complete data were available in 4167 men and 3891 women, of whom 353 men and 562 women received antihypertensive medications.
The results were submitted to multiple regression analysis using the stepdown method until all remaining parameters were significant at a p level below 0.05. SBP and DBP were used as dependent variables. Only variables with known biological conno-590 HYPERTENSION VOL 12, No 6, DECEMBER 1988 tations with blood pressure were selected as independent variables in addition to the serum variables. As a result, age, height, weight, heart rate, serum uric acid, serum creatinine, and log serum yglutamyl transpeptidase were selected as independent variables. Log y-glutamyl transpeptidase has been included as a marker of alcohol intake, which has a positive influence on blood pressure but a negative one on serum calcium. 4 Serum creatinine has been included as a marker of renal function.
Since several drug regimens are known to alter serum cation values, separate calculations were performed on the total group of participants and on the group of participants not taking antihypertensive medication. Standardized partial regression coefficients were obtained by multiplying the partial regression coefficient by the SD of its independent variable and dividing the product by the SD of the dependent variable.
Results
The anthropometric data and the biochemical values and serum cation values obtained in the population samples for men and women are given in Table 1 . Values are given for the total group and for the group not receiving antihypertensive medication. As can be seen, only minor differences existed between the two groups. This could be expected because only 8.5% of the men and 14.4% of the women were receiving antihypertensive medication. In Table 2 , the univariate relationships of serum sodium, potassium, calcium, and phosphorus with blood pressure are given. The results of the multiple regression analysis with the inclusion of all independent variables selected are given in Table 3 for the total group and in Table 4 for the group not receiving antihypertensive medication. The dietary fat intake was also used as an additional, independent variable in the multiple regression analysis and was introduced as saturated, monounsaturated, or polyunsaturated fat expressed as a percentage of the total energy intake, together with dietary cholesterol. None of the dietary fat variables correlated with SBP or DBP in the group that was not treated for hypertension. In the total group of men, dietary cholesterol correlated positively with SBP {p < 0.01) and dietary monounsaturated fat correlated negatively with DBP (p < 0.05), whereas no significant correlations were found in women. As a result, the fat intake was dropped from the multiple regression analysis.
The most constant finding of this multiple regression analysis was the negative association of serum sodium with SBP and DBP. Serum calcium correlated positively with SBP and DBP in men and with DBP in women. The relationship of serum phosphorus with blood pressure was more variable, and a significant correlation existed only with SBP. The relationship of serum cations and serum phosphorus with blood pressure was independent of total protein, which was included in the multiple regression analysis. The uni- variate correlation matrix of serum sodium, potassium, calcium, magnesium, and total protein for men and women is given in Table 5 . The highest correlation coefficients in both sexes were found between serum calcium, serum total protein, and serum sodium. In Table 6 , the independent relationships of the serum sodium/potassium ratio and the serum calcium/phosphorus ratio with blood pressure are given. Whenever significant, the relationships were positive. A significant negative correlation was found between serum phosphorus and heart rate and a significant positive one between the serum calcium/phosphorus ratio and heart rate, both in the total and in the untreated group, in men as well as in women (Table 7) .
Discussion
Although cations are thought to play an important role in the genesis of hypertension, little attention has been given to the relationship between serum cations and blood pressure, partly because the levels of serum cations and serum phosphorus remain within such strict limits that they appear unlikely to exert a major influence on blood pressure. Recently, however, the relationship between serum total cal- TABLE Values above the diagonal were obtained in male subjects (n = 3814) and below the diagonal in female subjects (/i = 3329).
Multiple Regression Analysis of Blood Pressure for the Group Not Taking Hypertensive Medication
*p < 0.001; t p < 0.05.
cium and blood pressure has been the object of several studies, 5 -7 and a highly significant positive relationship has been established. In view of the significant correlation between serum cations and serum total protein, which is increased in hypertensive subjects, it was important to demonstrate that the relationship is independent of total protein and therefore total protein was included in the multiple regression analysis. In our study, the inclusion of subjects receiving hypertensive treatment did not change the results in a fundamental way.
The existence of a positive independent relationship between serum total calcium and blood pressure was confirmed in this study. The most constant finding was the independent inverse relationship between serum sodium and blood pressure. This finding is contrary to expectation and contradicts the results obtained in an English study 8 with similar values for serum sodium and serum potassium and blood pressure. A positive relationship between serum sodium and blood pressure has been described All dependent variables were included, as in Tables 3 and 4 , with the exception of serum cations and serum phosphorus. See Table 3 for key to abbreviations. in patients with morbid obesity. 9 Whenever serum potassium was significantly and independently related to blood pressure, the relationship was negative, confirming earlier findings 8 ; and the same results were found for serum phosphorus. A negative association between serum phosphorus and both SBP and DBP was also obtained in the first National Health and Nutrition Examination Survey in the United States both by univariate analysis 10 and by multivariate analysis." In univariate analysis serum sodium correlated positively with blood pressure in women, whereas this correlation was not significant in men. In women, the regression coefficient of sodium became negative when age was introduced as an independent variable in the multiple regression analysis. Analyzing this relationship further, we found that in univariate analysis the univariate relationship between serum sodium and SBP was negative in all 10-year age classes between 25 and 74 years, both in men and in women, except for the age class 55 to 64 years, for which it was positive.
The serum sodium/potassium ratio and the serum calcium/phosphorus ratio both correlated positively with blood pressure, whenever significant. In this respect, the serum sodium/potassium ratio is similar to the sodium/potassium ratio obtained from 24- hour urine collections, which in countries with a high sodium intake, also correlates positively with blood pressure. 12 The positive correlation of the serum calcium/phosphorus ratio with blood pressure also confirms the results of the first National Health and Nutrition Examination Survey obtained in univariate analysis. 10 Both serum calcium and phosphorus levels are influenced by the parathyroid hormone, which increases the serum calcium level and decreases the serum phosphorus level. A decreased serum phosphorus level exists in spontaneous hypertensive rats, 13 and dietary phosphate administration lowers their blood pressure. 14 The role of the parathyroid gland in hypertension is now the focus of several studies. 15 The renin profile could also affect the relationship between calcium and blood pressure. 16 Interesting and unexpected findings were the significant negative relationship between serum phosphorus and heart rate and the significant positive one between the serum calcium/phosphorus ratio and heart rate. The level of significance and the fact that the relationship was present in all subgroups examined make it highly improbable that this was a chance finding. Heart rate correlates positively with blood pressure in epidemiological studies 2 -6 > 7 -12 ; therefore, this finding could explain in part the relationship of these ions with blood pressure. In our study the effects of the serum cations and serum phosphorus on blood pressure were independent of the influence of heart rate, as heart rate was included in the multiple regression analysis. All the relationships studied were independent of the intake of saturated, monounsaturated, and polyunsaturated fat, which, when included in the multiple regression analysis, did not change the results substantially. Several studies have shown a correlation between fat intake, especially polyunsaturated fat, and blood pressure. 17 -18 In this study, only a weak negative correlation between monounsaturated fat and DBP (p < 0.05) in men could be established.
In conclusion, it can be stated that significant independent relationships exist between blood pressure and several serum cations and serum phosphorus. A study of the relationship between serum magnesium and blood pressure is also warranted. The elucidation of the factors influencing these relationships will enhance our knowledge of the mechanisms underlying the genesis of essential hypertension.
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